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ABSTRACT. 

Salmon specialists throughout the Pacific Coast indicate that the winter-run 
chinook salmon is restricted to California's Sacramento River system. The char- 
zcceristics and habits of the race a r e  unique in the following respects: Fresh-water 
holding period, December to April; spawning period, April into July. The up- 
migration i s  concurrent with the late segments of the fall run, but the adults are dis- 
tinguishable by the green condition of the gonads. The down-migration is concurrent 
with that of the spring-run fry, but the migrants a r e  2-inch o r  l a r g e r  fhgerlings. 
Evidence is lacking to determinewhether there is an ear l ier  down-migration of fry. : 
The race appears to hold great promise a s  a stock to be introduced into a r k s  
where May-August temperatures a r e  42.50 - 57.S0 F., for it supports superb 
2ngling during the fresh-water holding period. Water temperatures in May throush 
August a r e  seen a s  the factor limiting the natural extension of the range of the race. 

Fry (1961) states that winter-run fish a r e  
the least  known and probably the least abundant 
of the Central Valley chinook (king) salmon 
m ~ s .  This paper is intencled to shed a litrle 
light on ;he f irst  point zcd discount i k  laccer 

.---- -- 

-- point. 

Winter-run chinook salmon (Oncorhynchus 
t s  hawytscha) have been known to Upper Sacra- 
mento Valley residents and to students of Cali- 
fornia salmon for many years. They h a v e k e n  

1-- mentioned, usually in an offhand way, in the 
literature many times. Yet, one gathers from 
discussion and correspondence with salmon 
workers that these fish a re  little understood. 

Basically, four reasons a r e  indicated fo r  
this lack of underst~nding: (1) Concurrence 

I of borh the adult run and the fisheries dependont 

upon it with the latest  segments of thefall run, / 
(2) occurrence of the adult fresh-water stages 
during winter and spring when observation is 

v;i;lcer-run spawners during rhe years pr io r  
to construction of Shasta Dam in inacces- 

1 difficult and seldom practiced, (3) isolation of / 

sible sections of the McCloud River, and (4) 

run fish was made in ei ther the sport  o r  the 

'1. 
until recently, the numerically small  s ize  of '- ! the runs. Historically, no distinction of winter- .- 

.* - 
commercial r iver fisheries. The "green"con2- 
dition of the gonads would have distinguished 
them in the inland waters from the late fall 
run, but apparently few, if any, were taken 
there until 1949 following their  displacement 
to holding and spawning a reas  of the mainstem 
Sacramento River downstream f r o m  Shasta 
Dam. Had their habits been understood, it 
seems likely that efforts would have been made 



13 transplant thsm to c1thi.r areas f r o n t h e  hlc- nests on June 23 and 27; eyed eggsand alevins 
cloud River. were oStained from nvo nests on August 5; and 

In prepara:ior, fo i  this plpcr, about 20 salmon 
agencies and students (located widely.through- 

, out the known range of chinook salmon) were 
queried by mail to ascertain whether the winter 
rcn discussed here i s  known elsewhere than in 
the Sacramento River. -411 18 responses were 
negative, but nearly 211 evidenced sincere in- 
terest  in this race. The information and en- 
couragement received from these responses 
has been most helpful and i s  greatly appre-- 
ciated. Sincere thanks a r e  extended to John 
Pelnar and Har ry  D. Baer of Colzman Na- 
tional Fish Hatchery fo r  data provided from 
the hatchery records. I also thank Richard J. 
Hallock for  original data supplied from his 
observations and files. Donald H. Fry, Eldon 
P. Hughes, and Richard J. Hallock, of the 
California Department of Fish and Game, re-  
viewed the manuscript, and their suggestions 
have sparked material' improvements in the 
presentation. 

O B S E R V A T I O N S  B E F O R E  C O N -  
STRUCTION O F  SK4STA DAM 

-. 

Livingston Stone may have observed winter- 
run salmon on the McCloud River during his 
early investigations of the 1870's. The Mc- 
Cloud River now enters Shzs:a Lake and i s  no 
longer accessible from thz sea a s  it was then 
(see frontispiece). Certainly, fish of this run 
were known at least a s  early a s  1902, ?or a 

- p a i r  of salmon were observed spawning on 
April 24 of tnat year in the McCloud River 
'opposits Baird Hatchery, now covered by 
Sh?sra i l k ? .  Tkis r)bs.-r.farion :vns crec!i:edhy 
R u i ~ ~ r  (1594, p. 7.3) in ih2 anaual report of the 
Commissioner of Fisheries for 1902 tosuper- 
intendent Lambson of Baird Hatchery. No 
evidence has been turned up that this observa- 
tion was considered more than interesting. If 
la ter  students were inirigued by it, they were 
silent in print. 

fingerlings were seined from the r iver  a t  Big 
Springs on September 79, 1939. (These obser- 
vations were made during the pre-Shasta-Dam 
surveys; salmon were blocked from these 
areas  beginning in May 1942.) These authors 
suggested "a separate winter run." Needham, 
Smith, and Hanson (1941, p. 6 6 )  were more 
definite and cautioned that allowance must be 
made for winter-run salmon in any salvage 
plan (for Shasta Dam). Unfortunately, knowledge 
of the cri t ical  temperature requirements of 
salmon egg stages was inadequate to make any 
effective allowance. 

OBSERVATIONS DURING SALVAGE 
OPERATIONS RELATED TO 

SHASTA DAM ( 1943 -46.) 

. It remained fo r  Needham, Hanson, and 
. P,arker (1943, p. 23) to unequivocally commit 
, the name "winter. run" to these fish. (The 

unique spawning time of the run was, a s  noted 
above, established f i rs t  by Lambson's ob- 
servation in 1902.) These authors gave an 
account of the trapping . and A hauling work dur- 
ing 1913 on chinook salmon blockedby Keswick &  am. This was the first  season that salmon . .  

.- .. ----- . . 
we+_e blocked. In June 1943, ripe, winter-run 
females with flowing eggs were found in  the 
hauling trucks; l a te r  that month spawned-out L ---.--- - . 
fish viere, -found, i$-.-Dge-r.-Creek.-wh.ere tho 
trapped fish were released. -- Of 5,245 s2lmon 
t ~ a n s f c r r e d  from Keswick Dam to l&e_r: C.reek 
during J y . .  1943, 59 were reported by these I. 
authors to have been minter run; the res twere  
s ~ r i n g - m n  chinook_s. Oilly seven (fourfemales 

I - 
2nd thzee mzles)  of the -:jinrer run survi-ved to U 

spavm. P iesun&ly  none of the egss  sur- 
vived, for  the water temperatures in Deer 
Creek downstream from the mouth of the 
canyon, where the fish were forced to spawn, 
were and a r e  too high fo r  incubating eggs in 
July and August. Yet these fish would have'".: 
fared no better in the main river. 

Hanson, Smith, and Needham (1940, pp. 42- Moffett (1949) noted: "During the years  1943 
43)  reported that 25 salmon were seen on May and 1944, when Shasta and Keswick dams were 
26, 1939, over nests. in the upp2r McCloud blocks to upstream migration but stored little 
River, at Big Springs and upstream to the o r  no water, r iver  temperatures in summer 
Lower Falls. A spawned-out female was found were so  high that the spring-run salmon would 
June 12, 1939; eggs were taken from three have bten eliminated o r  seriously impaired 



had they been forced to remain balow the 
da:ns oyr r  surnner." Temperatures in the 
Sacranento River downstream from Shaata 
D a g  were not recorded in 1913, but thsy no 
doubr were in the sixties and seventies in June 
and J d y  a s  recorded in 1-939 a t  Redding. 
Seymour (1956) and Hinze, Culver, and Rice 
(1956) have shown that very low survival of 
eggs is to be expected at temperatures zbove 
about 530 F. 

Although 8,034 salmon were transferred to 
Deer Creek and 4,018 to Battle Creek from 
Keswick and Balls F e r r y  traps during 1944, 
no winter-run fish were noted. Temperatures 
of Shasta Reservoir releases into the Sacra- 
mento River were 61° F. when f i rs t  recorded 
ear lv  in August 1944, possibly low enough to 

Keswick and hauled to Deer Creek. Pdditiong 
winter-run fish may have been included among . 

the 252 chinook salmon hauled from Keswiclc 
during April through June, but i t  is unlikely 
that any were among the 2,838 hauled from 
Balls F e r r y  during May through Augustof 1915. 
It is assumed that some, perhaps most, of the 
winter run escaped being taken in the Keswick 
traps in 1945. The temperature of the released 
water from Shasta Reservoir  did not exceed 
55' F. until mid-September i n  1945. Thus, any 
winter run that escaped could have spawned in 
the Sacramento River successfdly. In 1946, 
only 20 fish were trapped at Keswick Dam in 
May and none p r io r  to  that  month. Apparently, 
the entire Winter run of 1946 remained in the 
hospitable waters of Sacramento River. 

- 
permit  survival of eggs deposited before July. The records  of the salmon salvage work 
But oxygen deficiency, common to waters from conducted during the construction of Shasta and 
new reservoirs, and heavy-metal pollution Keswick Dams thus indicated that the winter- 
probably occurred in initial releases from the run populations were  small and were  harshly 
new reservoir. Heavy-metal pollution was seen dealt with by construction conditions, par- 
to  kill a-lult fish in November 1944. ticularly high water temgeramres, and. by tfe 

, 

In March 1945, about 200 chinook salmon, salvage acrivities which placed emphasis on 
assumed to be winter run, were trapped a t  saving the spring-run f ish  (table 1.). . 

Table 1.--Winter-run chinook salmon stocks blocked by Keswick Dam and water tem- 
peratures of Sacramento River during June-July spawning periods of years  1943 
through 1916 

* : 
1 ;  . . 

'Assumed from data of 1939 a t  Redding. . . 
1 ' 

7. . . 
Escrapolated f rom record of Shasta Dam release t e m p e r a a r e s  beginning A u p s t  2, 1944. - I. 

3 1 :  
I ' 

1. 

I: 

Year Indicated winter-rm salmon stock June-July water temperatures a t  Redding 

OF. 

1943 ... About 100 fish observed, probably ' 62-73 
no reproduction. L 

! 9%. . . 
1945 ... 

1916.. . 

'IJalizown number, possibly repro- 
C!UL~CD. i ; ~  na in  ri-~er. 

About 200 fish observed, probably 
with no reproduction; unknown 
number assumed to have repro- 
duced successfully in main river. 

(McLean, 1945, reported observing 
a ripe female on May 5, 1945, on a 
riffle downstream from Redding.) 

Unknown number assumed to have 
reprodoced successfully in the 
Sacramento River. 

52-6 1 

46-50 

46-50 



R E S T O R A T I O N  O F  THE RUNS 
AFTER THE 1 9 4 3 - 4 6  

SALVAGE OPE R A T I O N S  

From the low point of 1943-46, the winter 
run quickly recovered. Smith (1950), in study- 
ing the upper Sacramento River sport Fishery 
during 1947-48 and 1949-50, noted increased 
catches of winter-run chinook salmon in Jan- 
uary and February 1949. He concluded that a 
"sizable" run was present. This was only 4 
years  after  the apparent destruction of al l  the 
fish of this race  (about 200) that could be 
trapped a t  Keswick Dam. But some of the 1945 
brood stock escaped capture, perhaps a f a r  
greater  number than indicaied by the trapping 
record. Also, the 1949 stock might well have 
been considerably augmented by 3-year-old 
fish of the 1946 brood. In any case, this initial 
recovery seems to have been both shs tan t i a l  
and rapid. 

Tho winte r - r~n  fishery and t5e spawning es- 
capemenc have continued to increase. Azevedo 
.and Parkhurst 'noted that increased numbers 
winter-run fish were encountered in th fall- 
run spawn-taking operations a t  Coleman Na- 
tional Fish  Hatchery during 1949 through 1956. 

Since water of Bartle Creek, on .which Cole- 
man Hatchery is located, is too warm for 
winter-run fish, those trapped a t  Keswick 
Dqrn (table 2) a r e  now hauled to spawning 
areas in the main Sacramento River down- 
stream from Redding; no other suitable water 
is available f o r  them. 

Richard J. Hallock reports ( p r s o n a l  corn- 
T;.~~=z?c;L~ ti-111~ a;! est ims:"d il,OG3 win:? r- 
run  salmon were caught by anglers in the 
101-mile reach of the Sacramento River be- 
tween Hamilton City and Keswick Dam during 
the winter season 1961-62. He observes that 
the total winter-run population now bears little 
relation to the counts a t  Keswick. I inject the 
word "now" on the assumption that the present 
ider?l temperature regime of the Sacramento 
P,i-~er probably leads to spreading the fish 
over a ml~ch greater  length of r iver  than was 

12.L. Aze.ledo aiid 2. E. Parkhrsr: Uwer  Sac- 
rzir.~nco Xiver Salmon md Sr&.sd Mainmance Pro- 
ZrLrn. 1g9-1956. blmuscripr remri i i i  Fles of the 
55. Fizk and i i i ldlif= Serv i ce  96 pp. 

4 

thecase  during 1913, the f i r s t  year of salvagr - 
op3rationsLwhen the fish piled up below Keswick 
Dam. F o r  example, his observations of rhs - .  
sport fishery and act iv iv  of fish in the r iver  . 
indicate that the largest populations occurred 
in 1957-5s and 1961-62 wheress the seasons 
1958-59 and 1960-61 were indiczcec! to be 
largest by counts a t  Keswick. On June 15,1963, 
I observed that numbers of spawning salmon 
on the riffles near  Redding were nearly a s  

I 
great a s  I have observed during the fall-run 
spawning peak which occurs commonly in No- 

i 
vember a t  this site. 

Hallock states further that several pai rs  of 
winter-run salmon were observed in Mill Creek 
below Ward Dam in June 1958. OR May 22, 1962, 
he counted 47 live salmon active over redds 
and 5 dead salmon in Mill Creek berween 
Clough and Ward Dams, and considered t h a ~  
spawning had just begun He reports also that 
on May. 22, 1962, a co-worker, John Riggs, 
counted 457 winter-run salmon and estimated a 
total population of 2,637 fish in Elaxle Cres'x in 
the 2 miles behveen Coleman Hatchery and che 
councy bridge. 

In summary, although no carcass-counr "or ( 
other careful population e s d m n t ~ s  have bien 
ma<e, spawning-ground and fishery observa- 
tions of the years  1948-19 through 1962-63 
indicate that the winter run has  become much , 

more abundant than the spring run in-the - main- < 
stem Sacramento River and appears to be 
approaching the full fun in abudance. 

S U C C E S S  O F  SPAWNING LIMITED 
BY WATEP, T E M F E R A T U R E S  I 

Spawning of w i n t e r - m  salmon in Mill Creek, 
Battle Creek, o r  Deer  Creek could not nor- 

I 
mally be successful because water tempera- 
tures in July exceed 70' F. Since temperatures 
in the midsixties are lethal to salmon eggs, the.,, 
unsuitable nature of these s t reams  i s  apparent. 

.' 

D ~ r i n g  the spring of 1958, a total of 420 
winter-run fish were hauled from Keswick to 
Coleman National Fish Hatchery and 309 more 
of this race were trapped f rom B a d e  Creek. 
From 236 females among these fish, only 
381,065 eggs were obtained duriilg the period 
April 30-June 13, 1958. Losses  of the develop- 
ing eggs and fry were heavy (table 3). Only 



Number of chinook salmon trapped 
Trapping and hauled from Keswick Dam 

Season 
period - 

Total Winter-run 

1957-58 ............................ Nov. 15 - Jan. 27 9,2 29 1,540 

1958-59 ............................ Nov. 17 - Feb. 13 13,517 4,657 

1939-60 ............................ NOV. 16 - J m .  29 7,566 376 

NOV. 16 -Jan. 23 
1960-61 ...... 9,859 919 ................... May 2-4 { 2,110 2,110 
1961-62 ............................ Nov. 16 - Jan. 15 5,647 , 166 

15,662 ' 832 
1962-63 ............................ 5 86 556 

Monthly mortality Accumulazed Average water 
Month ra te  mortality tempera- 

Percen:  p?.rccr.b " i-'. 
' 11.5 2 

May ............................................ 6.: 55.5 
June ............................................ 49.1 51.5 59.7 
July ............................................ 97.6 98.8 63.3 
August .............. ..., ..................... 13.6 99.0 59.4 
September .................................... 11.1 99.1 57.1 
OctoSer ........................... ... ....... 4.3 99.1 53.9 - 
November .................................... 1.1 99.2 48.5 
k c e m b e r  .................................... 3.2 99.2 47.3 
J a u a r y  .......................... ... ....... 2.8 99.2 45.7 

. . . . . . . . . . .  ..... ..:..... . . . . . . .  . . .  . . . . . . . . . . . . . . . . . . .  ........ . .  .............. _. . . . - .: _ . _. -. 

Table 2.--Xeswick Dam trapping operations 1957-58 through 1962-53 

[Data f o r  this table was supplied by John Pelnar, Manager, Coleman National FishHatchery, and 
Harry  D. Baer, superintendent of trapping and hauling operations a t  the hatchery, including 
Keswick trap] 

'of 270 salmon collected while emptying the trap on February 27, ~e majority were  winter 
run. They were released unsorted into Sacramento River near  Redding. This 270 is not included 

TAle 3.--hIortaliry of winter-run chinook salmon eggs and young fish \vich related water tem- 
peratures a t  Coleman National Fish Hatchery, 1958-59 

[Compiled by Harry D. Baer froin records 15 Coleman National Fish ~ a t c h e r y ]  

1 Approximate, based on derived number on hand a t  beginning of month comprised of actual >.+ g?% 
cuiiber on hand, 47,227, plus half of those added during month, 328,362, o r  a total of 211,405. 5 3 

2 
--< 

Referred to t o t d  of 381,065 eggs ultimately collected during the period April 30-June 13, 1958. F. 3 



4,236 fingerlings remained a t  the end of July, 
and only 3,036 fish, weighing 114 pounds,\vere 
liberat2d on January 29, 1953. This was ths 
most sucessful attempt to ra ise  winter-run 
salmon in Battle Creek water; almost com- 
piece failure was had in 1953 and a complete 
failure in 1959. * It is obvious th3t these sur-  
vivals would not maintain a run in B a d e  Creek, 
and i t  may be concluded that the fish straying 
into Mill Creek and Battle Creek a r e  essen- 
tially wasted. 

TIlMING O F  U P - M I G R A T I O N  
AND SPAWNING 

Hallockrs observations on the t h i n g  of the 
runs indicate that winter-run fish first passed 
the mouth of Feather River (near Sacramento 
and about 225 miles downstream fromKeswick 
Dam) during the f i r s t  week of ~ o v e ' m b e r  in 1957 

1 and 1958. Experience a t  Kestvick traps indi- 
ce:es arrival  there during the l a s t  half of De- - 

I\ caiirbsr, but migration to rhis point is dzlay2d 
c z a r  Redding by closure of the fishway on . 
Anderson-Cottonwood Irrigation District's di- 
version dam until about November 15 each ' 

year. On July 14, 1961; I observed &.out 100 
winter-run chinook salmon on the redds bs- 
n e a ~ i  the Highway 99 bridge a t  Redding. Most 
of ri-iese fish appeared to be in postspawning 
condition. One female was apparently in the 
process of building a nest. On July 3, 1962, 
szlmon in postspawning condition were nu- 
merous a t  this site. On August 9, 1963, one 
tired, worn female was near a redd beneath 
Cqe bridg2, nvo spawned-out females had been 

- lzz<ed by a fisherman, and other stragglers 
- :r= n,):s.'_ on dow;.screain rik-les, T k t  ex- 

psrlence of pzrsonnzl at Co!enan Hztchery 
indicates the spawning range is from the lat ter  
par t  of April to the l a n e r  part  of July. 

Ey COnKr2St, Harry D. Brer reports (personal com- 
munication) &at an e x p e r i n e n t d  hatchicgofwinter-run 
ess in 5c0 F. Sacramento River warer at  .Keswick 
during 1933 h r s  been h i ~ X y  successful. F r o m  52 r i p  
krnzIz j  trapped bzcwem hIay 22 and July 12, 235,700 
eg,s w2:e ob:ained, fzrtilized. and c a i i i e d  tkroug3 the 
e:l=d s t sze  with ~ n i y  about 5 percent niorrtlir/, Fihj  
thccsanc! eye2 e r s  o f  t h k  group wcr= s h i p p d  to the 
F k k  m d  Game k p a r m e n r  at  b le lhurne ,  Victoria. 
A.;s!ralis, aiid received in good s h ~ p e .  Rearing, to he 
? . i i ~ m p t ~ d  a: Colzrnsn Hatcherj,  is yet unproved. 

From the above observations and those re-  
poitod previously, we may establish tentative 
limits to the timing of the run. These winter- 
m.n chinook salmon apparently a r r ive  in the 
vicinity of Redding fromlate ~ o v e i n b e r  through 
February, and probably later, and spawn f rom 
late April nearly through July, with most 
activity in hiay and June. Incubation of the eggs 
extends a t  least  through August 

Tha adults a r r ive  on the spawning area.in 
beautiful condition. Sleek, fat, silvery, andfull 
of fight, winter-run chinoobs a r e  much sought 
by sport fishermen. They a r e  generally re- 
ported to be an excellent food fish with a pale 
pink flesh. Hallock confirmed the l a t t e r  gen- 
eralization by interviews of experienced fisher- 
.men during the fal l  of 1962. All fishermen 
reported the flesh to be light pink o r  pink. 
Their unique occurrence filis a valued place 
in the all-year Secrarnento River salmon 
f ishe-ry. 

T h e  principd f i s h h g  period fo r  minter-run 
fish in the Redding-Red Bluff area,  a s  reported 
by Hallock, is m i d - k c e m b e r  through March 
with a pea! during January-February. How- 
ever, he also reports that ripe fish a r e  landed 
in significant numbers during May and ~ u n e  
as  fa r  downstream a s  Los Molinos, about 70 
miles below Keswick Dam. 

LT their appearance and habits the winter- ' 

run fish seem to be more closely allied to the 
spring run than to the fall run. Like the spring- 
run fish, they ascend the r ive r  in f i rm "green" 
condition, ripening slotvly in f resh water. 
However, unlika the spring run, thei r  spawn- 
ing period does not overlap that of any other 
rul?. This may accouqt f o r  t k i r  ic~reilsiz?;  
populaaon in contrast to the spring run. The 
young winter-run fish a r e  out of the gravel 
and growing before the spring run commences 
spz~viiing. The spring run, on the other hand, 
is only well-started spawning before the early 
fall-run spawners move in to compete for  * 

nest sites. This competition, plus the indicated 
hybridizing of the spring and fall races, ap- 
p e k s  to have held down the spring run, per- 
haps even to have eliminated i t  a s  a distinct 
race in the mainstem Sacramento River. Such 
hybridizing could not readily be detected 
through routine field observation, f o r  the 
hybrids vrould continue to enter the r iver  in 



, - ~-~ 
,----- - .~ * " --- - :s, 3,011 
cend such tributaries a s  Mill and Deer Creeks, ( were 41 mm. or- -shorter .(table 4) and a r e  
however- I considered to have been sorina-iun and fall- 

Number of downstream migrants by 
fork-length groups Average fork length 

Feriod of those over 

30-33 36-41 42-47 .:8- 56 57-90 91-120 57 millimeters 
m n .  mm. mm. mm. mm. mm. 

72 - - -- -- -- Kov 1-10 27 - - ............. 
11-20 61 98 . -- .- -- -- 60.5 ............. 
2 1-30 80 117 - - 3  - - ............. 3 -- 69.1 .. 

Dee 1-10 ............. 107 152 / 2 1 65.7 -- 
11-23 ............. 240 603 1 1 1 -- 65.5 

21-30 301 1,152 1 1  1 - - 
_ - _ _-- ............. 85 

&c 31-Jan 9 67 631 \ , 2  -- -- . -- -- ......... 
Jan 19-19 52 797 -- ............. - - -- 1 110 

20-29 201 2,532 -- - - -- -- -- ............. 
1 I -- - - -- Jan 30-Feb 8 184 1,601 - - ......... 

Feb 9-18 215 1,895 3 - - - - -- ............. - - 
19-28 163 3,234 30 - - - - - - -- ............. - 

2 ~?-:..:L;Z 9' ...... 161 2,563 5 - - -- -- - - 
40 1,119 7 - ? - -- - - - - - - h<ar 1C-19 '............ 

I 20-29 ............ 92 1,824 29 1 -- 1 11 2 
- - t 912 - - ......... (=I (3 (9 

- - Liar 30-Apr 8 
-- -- 2 3 ~ 0  -- - - -- -- ............. Apr 9-18 

-- 241 -- - - - - - - - - 19-28 ............. 
-- - - - - '325 - - -- -- ....... Apr 29-hlay 27 

.., . .  ...... . . . . . . .  . . . . . . . . . . . . .  I . . .  . . . . . .  . . . . - -. _ .  . , . . 

b=tn abur,dant in mainstem Sacramento River nights of fyke-net fishing, 25 f i s h  rangzd in 
during the summer holding period of recent fork length from 5 9 0  90 mrn., averaging 68.1 
years. Sma!l runs of spring-run fish still  as-  mm. Of the other 3,02-3-yo&ng chinooks, 3,011 
cend such tributaries a s  Mill and Deer Creeks, ( were 41 mm. or- -shorter .(table 4) and a r e  
however. 

TIIMING OF DOWN-MIGRATION 
The 58-90-mm. group fits expectations f o r  

The downstream migration of young winter- winter-run fish based on growth of the other 
run chinook salmon has not been intentionally races. At the time of capture, these 25 fish 

Table 4.--Downszream migrant chinook salmon caught a t  Balls Ferry, 1951-1952 

1 
The numbers of f i s h  in these rows include measured fish only; total numbers including tin- 

measured fish were a s  follows: Feb 29-Mar 9, 3,651; Mar 10-19, 2,517; Mar  20-29, 2,315. 
2 Distribution by sizes not available; the numbers shown by 10-day periods a r e  total numbers. 

R? r-+ 
The tots1 for the March  30-April 8 period includes the 73 fish described in footnote 3. i& 

3 Record shows 73 f i sh  in the range 49 to 120 mm. were taken; detailed distribution is not i:;;? 
&:Is: 

~vail"'cl?. g. e i r  ..-x 

Distribution by sizes not availabls; the average size for the 30-day period was 52.1 mn. 
& :.-5 
c.2 , A. 

vhich rnzy b? coiltrasied with the 40.9-mn. average size of the 30-day period prcceeding it. $ ?*$, , - t..* . 7 ..I 

! .; . - . S 

; :-.: 
r.? 
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rn?y have Seen a s  young a s  4 months and a s  old 
ai 7; months from k n o w  possiSle dates of 
winter-run egg deposition. This may be com- 
pared with the catch of 73 young chinook salmon 
[?!;en in the same way a t  th t  same site during 
April 1952. Th t se  73 fish a-rz assumed to be 
a mixrdrz of spring-run and fall-run migrants. 
They may have been a s  young a s  about 4 
months o r  a s  old a s  almost 7 months from 
probable dates of egg deposition. The nvo 
groups have s imi lar  s ize  ranges, but the aver- 
age size of the 73-fish group is not available. 
It appears that both groups were likely tohave 
h e n  about 6 months old, on average. Since the 
25-fish group had experienced somewhat higher 
average water temperatures, they should have 
been of l a rge r  size, a s  seems  the case. 
Sampling during August through November is 
needed to place l imi ts  on rhe downstream 
migration O F  the winter run. I i  may be that 
their  migration, fitted to pre-Shasta Dam 
conditions, does not begin uncil November, 
o r  it m2y begin ea r l i e r  in agreement with 
ocher chinook races  in California. We have no 
sampling ea r l i e r  than Nbveder;  hence we can- 
not make a choice benveen these possibilities. 

! DISCUSSION OF ENVIRON-MENTAL 
CONTROLS 

Although the winter run recovered quickly 
froin near  extinction to a not251e abundance 
4 years later ,  i t  is only now reaching ari 

. abundance comparable to thz fall run, after  
more than 15 years. It is possible that the 
observed buildup is a s  rapid a s  can be ex- 
pected with any introduction. Since thesrl fish, 
p r io r  to Shasta Dam constr.ction, were prob- 
231y abundant only in the McCloud River, they 
were, in effect, transplanted o r  i~ t roduced into 
an encirely new habitat many miles dolm- > srrePin and many feet lower in elevaiion. f he 
new habitat has cold water temperatures 
sic-iulazing the original h o n e  s z e a m .  However, 
nice-waste pollution, which was not present 
in chl i r  P,?cCloud River habitzit, may have been 
harmful to the adults. If downstream migration 
of the you23 of this race  i s  delayed until fall 
rains, the competition wich trout and other 
c o m ~ t i t o r s  and predators may have more 
effect on this race. On the ocher hand, losses 
ci migrsnrs into irrigation pumps and diver- 
slr ,na night  be higher in other zac?s, i f  the 

great proportion of the winter-run mixrants 
descend in November, 

Finally, in the holding a reas  belo& Keswick 
Dam, the adult-fish a r e  much n o r e  vulner- 
able to sport  fishermen and poachers than they 
were in their ancestral home. They bite well 
and a r e  much sought after, s o  that i t  is not 
surprising that the sport-fishing take in the 
r ivers  is proportionately higher with this race  
than with the fall o r  spring run. The spor t  and 
commercial take in the ocean may be smaller ,  
however, because of the lateness of the run. 

The habits of this run obviously adapt it to 
situations below large  reservoirs  a s  well a s  
to spring-fed s t r eams  where suitable tem- 
peratures of 500 to 570 F. can be maintained 
during the May through Aups t '  spawning and 
incubation period. These fish a lso  should be 
ideally adapted to water temperature regimes 
OF the southern hemisphere. However, the 
maturation of the eggs of winczr-run fish under 
condi&ons of increasing daylight and Lqcreasing 
water temperatures, in  opposition to condi- 
tions experienced by all other chinook salmon 
runs, i s  a fact to be carefully considered. 

These fish, historically, were  apparently 
adapted to s t reams fed largely by the flow of 
constant-tem.wrature springs arising from the 
lavas around h:ount Shasta and Mount Lassen. 
The h:cCloud River, their  ho:m home i s  re- 
nowned fo r  i t s  spring-fed flow, damped fluc- 
tuations, and stable, low temperatures (15O F. 
at  Big Springs). Orher s t reams in the viciniqr 
such a s  Fal l  P,iver and Hat Creek, both tribu- 
tary to Pit Rivsr ,  and Battle Creek, tributary 
to mainstem Szcramento River, derive part  of 
their' flow from springs. Many other s t r eams  
have cool flows in their  headwaters. Since the 
range of suitable hatching temperacures is 
limited on the low side a s  well a s  the high 
(42.50-57.S0 F.--Combs and Burrows, 1957; 
Bretc, 1959), i t  may be questioned whether 
any but a predominantly spring-fed s t r eam '-*..- 
could provide suitable temperatures fo r  sus- 
tained production of winter-run fish. Cold, 
flucmacing, snow-melt screams would be little 
betcer than flashy, warm, rain-flooded streams. A. 
In any case, little evidence i s  extant that this 
run was distributed widely o r  that i t  ever  was 
composed of large populations p r io r  to Shasta 
Dam. 
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